T ype II diabetes mellitus is associated with increased morbidity and mortality due to atherosclerosis. 1, 2 Although several of the traditional risk factors for cardiovascular disease (CVD) are increased in type II diabetes, these factors account for no more than half of the observed increased risk for CVD. 3 Because of the importance of acute thrombosis in the pathogenesis of CVD, decreased fibrinolytic capacity has been proposed as an additional risk factor for CVD, and indeed, levels of plasminogen activator inhibitor type 1 (PAI-1), a biochemical marker of impaired fibrinolysis, have been shown to be correlated with reinfarction rates in subjects with previous myocardial infarction. 4 Furthermore, plasma PAI-1 levels have been shown to be correlated with hyperinsulinemia and/or insulin resistance, 5, 6 so that increased plasma PAI-1 levels are now considered as one of the features of the insulin resistance syndrome. 7 Increased plasma PAI-1 activity has also been reported, although inconsistently, 8 in subjects with type II diabetes; this has mostly been attributed to the insulin resistance/hyperinsulinemia that often occurs in these patients. 9 -11 On the other hand, several lines of evidence suggest that hyperglycemia, per se, could also induce impaired fibrinolysis. Thus, there is evidence that high glucose decreases fibrinolytic capacity in cultured cells, 12, 13 and we have recently shown, in a rat model, that increased PAI-1 levels are associated with diabetes even in the absence of significant changes in plasma insulin. 14 Finally, in two large epidemiological studies, plasma PAI-1 levels in type II diabetic subjects increased even when corrections for insulin levels were applied. 5, 15 However, although increased plasma PAI-1 activity, if it indeed occurred, could play a significant role in the increased cardiovascular risk in diabetes, the presence (in diabetic patients) of larger amounts of a fibrinolysis inhibitor, such as PAI-1, at the site at which thrombosis occurs (ie, the vessel wall) could be of even greater importance. Moreover, it has recently been proposed 16 that increased PAI-1 in the vessel walls can promote the formation of plaques with lipid-laden cores and thin fibrous caps, which are, hence, more prone to rupture. As a matter of fact, in an animal model of diabetes, we have recently demonstrated that chronic hyperglycemia is associated with increased PAI-1 localization in the aortic wall, 14 and Sobel et al 17 have found increased PAI-1 in atheroma specimens obtained by diabetic patients undergoing percutaneous transluminal coronary angioplasty. However, evidence that PAI-1 is increased in the vessel walls of patients with type II diabetes before the development of atherosclerotic plaques is still lacking. Therefore, the aim of the present study was to investigate whether there was a difference in PAI-1 localization in arterial wall specimens obtained from type II diabetic and matched nondiabetic subjects.
Methods

Subjects
Plasma samples and mammary artery fragments were obtained from 11 subjects with type II diabetes and 10 subjects without clinical evidence of diabetes who underwent coronary bypass graft surgery from October 1998 to December 1999 and who gave informed consent before surgery.
Characteristics of the study subjects are reported in the Table. The 2 groups of subjects (diabetic and nondiabetic) were similar with respect to the extent of vascular disease, history of myocardial infarction, clinical indications for coronary artery bypass graft surgery, and use of heparin and anesthetics during all procedures. Subjects were matched for sex, previous myocardial infarction, body mass index, and current smoking habits. Serum levels of cholesterol, triglycerides, fibrinogen, and insulin were not different between the 2 study groups. Both groups were given standard pharmacological therapy for their ischemic CVD, and of the diabetic patients, 5 were on insulin, and 6 were on sulfonylureas.
On the morning before surgery, blood samples were obtained from all subjects after a 10-to 14-hour fast. An aliquot was collected in trisodium citrate (1/10 [vol/vol] ), centrifuged at 1700g for 20 minutes at 0°C to 4°C, and quickly stored at Ϫ80°C. To obtain arterial samples, a small tissue fragment was excised from the internal mammary artery and harvested during standard bypass graft surgery procedures in its distal portion before bifurcation. Samples were quickly washed in saline solution, then dumped in formalin 10% solution, and stored at 4°C for subsequent analysis
Plasma Fibrinolytic Activity
Plasma fibrinolytic activity was measured in plasma euglobulin fraction by a fibrin plate method 18 with the use of plasminogen-rich human fibrinogen (fibrinogen type 1, Sigma). Briefly, euglobulins were prepared by acidification of diluted plasma (1:10 with distilled water) to pH 5.9 with 0.25% (vol/vol) glacial acetic acid at 4°C. The resulting precipitate was resuspended in EDTA-gelatin-barbital buffer (pH 7.8), and 30 L of each sample was placed (in triplicate) on the fibrin film. The diameter of the lysis areas was measured after 18 hours of incubation at 37°C. Plasma fibrinolytic activity was expressed as euglobulin lysis area (in millimeters squared).
Plasma PAI-1 Activity
Plasma PAI-1 activity was measured by a chromogenic method with the use of a plasmin-specific substrate (Biopool).
Fluorescence Microscopy
All formalin-fixed tissues were embedded in paraffin, and serial sections (5 m thick) were cut from each specimen. Slices were quenched in 10 mmol/L NH 4 Cl for 10 minutes, washed in PBS, and permeabilized with 0.05% saponin and 0.2% BSA in PBS for 30 minutes at room temperature. All tissue sections were incubated with primary antibody (anti-human PAI-1, 100 g/mL, American Diagnostic) for 1 hour at room temperature, followed by 3 washes in PBS and incubation with specific Cy3-conjugated secondary antibody (anti-rabbit IgG, 1:100, Sigma) for 30 minutes in the dark at room temperature. The sections were again washed 3 times in PBS before being mounted under coverslip with Mowiol (Calbiochem). Slides incubated without primary antibody were used as controls for fluorescence background signal (data not shown), which was subtracted from sample fluorescence during fluorescence intensity analysis.
Laser Scanning Confocal Microscopy
After immunostaining, sections were mounted in Mowiol and imaged by using an LSM-510 laser scanning confocal microscope system with the use of a Zeiss Axiovert-100M inverted microscope (Carl Zeiss Microscopy). The stacks of optical Z slices were obtained for each tissue section in 5 different places. Z stacks of fluorescent images were recorded and stored directly on computer by always using the same settings of laser power, pinhole, and photomultiplier gain. The fluorescence intensity for each image in the stack was calculated by using the Z-quantification part of the Zeiss LSM 510 software. The optical slice with highest intensity from each Z stack was selected as the most representative for morphometric analysis. After subtraction of background, the fluorescence density of the immunostaining in selected images was calculated in units corresponding to 256 Gy levels of Zeiss LSM 510 software scale. The final value of fluorescence density for each specimen was calculated as an average of values from images obtained from 5 different areas of tissue section (see above).
The technician performing the immunostaining and the confocal microscopy analysis was blinded as to the source of the samples.
Statistical Analysis
Results are presented as meanϮSD. Differences between the 2 groups were analyzed by the Student t test and 2 test when appropriate. Significance was defined as a value of PϽ0.05.
Results
Characteristics of Study Subjects
As shown in the Table, there was no significant difference in serum cholesterol and triglyceride levels between the 2 groups. Serum fibrinogen was also not different between the 2 groups, and serum fasting insulin concentrations were virtually identical (16.1Ϯ9.2 U/mL in the nondiabetic subjects versus 17.7Ϯ8.2 U/mL in the diabetic subjects, PϭNS).
Total Plasma Fibrinolytic Activity and Plasma PAI-1 Activity
The mean of the lysis areas induced by plasma extracts from diabetic patients was 542Ϯ105 mm 2 . This was significantly smaller than the mean of the lysis areas induced by plasma extracts from nondiabetic subjects (774Ϯ184 mm 2 , PϽ0.05; Figure 1 ). Mean plasma PAI-1 activity was significantly increased in diabetic subjects (16.1Ϯ4.4 UI/mL) compared with nondiabetic subjects (10.2Ϯ2.5 UI/mL, PϽ0.001; Figure 2 ).
PAI-1 Localization
As shown in representative examples of arterial wall specimens after PAI-1-specific fluorescence immunostaining (Figure 3) , samples from type II diabetic subjects exhibited distinctly more PAI-1-related fluorescence in the intima and in the media layers of the arterial wall (in particular, in endothelial and smooth muscle cells). Automated image 
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analysis allowed quantification of the fluorescence intensity of the samples: mean fluorescence intensity in samples from diabetic subjects was 155Ϯ10 arbitrary fluorescence units (AFU). This was almost 2-fold larger than the fluorescence intensity in samples from nondiabetic subjects (77Ϯ7 AFU, PϽ0.001; Figure 4 ).
Discussion
The results of the present study confirm that type II diabetes is associated with alterations in the fibrinolytic system and support the hypothesis that increased PAI-1 expression in the arterial wall might contribute to the development of accelerated CVD in this condition. Indeed, we documented that PAI-1-related immunofluorescence was almost 2-fold greater in the arterial walls of type II diabetic subjects compared with nondiabetic subjects. These data are consistent with those reported by Sobel et al, 17 who found increased PAI-1 in atheroma specimens obtained from diabetic patients undergoing percutaneous transluminal coronary angioplasty. In that study, the authors indeed suggested that it was very likely that an increased PAI-1 localization in the atheroma corresponded to increased PAI-1 in the vessel wall in diabetic patients. The present report offers evidence that in type II diabetes, increased PAI-1 localization also occurs in portions of the arterial wall still free of gross atherosclerotic lesions. For obvious ethical reasons, arterial samples could be obtained only from patients undergoing coronary artery bypass graft procedures and by using the small portion of the harvested mammary artery, which was not used for the graft, for histological preparations. Thus, by definition, all study subjects presented with severe coronary disease, and as a matter of fact, 11 of them (6 diabetic and 5 nondiabetic subjects) had a history of previous myocardial infarction. The presence of clinically relevant atherosclerotic disease has been associated with increased plasma PAI-1 antigen levels and/or activity, 19 and increased plasma PAI-1 levels have also been observed in myocardial infarction survivors. 20 However, in the present study, diabetic and nondiabetic subjects presented the same degree of coronary disease, and roughly the same proportion in each group had experienced a previous myocardial infarction. Yet, in the diabetic subjects, vessel wall PAI-1-related fluorescence was increased, total plasma fibrinolytic capacity was decreased, and plasma PAI-1 activity was increased. This suggests that the observed increase in PAI-1 content in the vessel wall in diabetic patients was not the result of the existing vascular disease, and it is consistent with data by Gray et al, 21 who reported greater plasma PAI-1 Figure 2 . Plasma PAI-1 activity in ND and D subjects. PAI-1 activity in plasma from D subjects was significantly greater than in ND subjects (PϽ0.001). activity in diabetic compared with nondiabetic myocardial infarction survivors. Thus, our data reaffirm an independent role of diabetes in determining alterations of the fibrinolytic system.
Among the mechanisms that could lead to increased PAI-1 synthesis and, hence, decreased fibrinolysis in type II diabetes, insulin resistance and the consequent hyperinsulinemia have been those more often invoked. 6,7,9 -11 However, in the present study, fasting plasma insulin levels were almost identical in diabetic and nondiabetic subjects. Although it is possible that integrated postprandial insulin levels might have been greater in diabetic subjects and although diabetic subjects were probably insulin resistant (with comparable insulin levels but higher blood glucose levels), we believe that it is very likely that hyperglycemia might have contributed to increased arterial wall PAI-1 and decreased plasma fibrinolytic capacity in our diabetic subjects. This might be true, especially because plasma triglyceride levels, another factor possibly affecting PAI-1, 22 were also not different between the 2 groups. Thus, among the main factors known to affect plasma PAI-1 levels, only free fatty acids and VLDL were not controlled for. However, because plasma triglyceride and cholesterol levels were not different between the 2 groups, it appears unlikely that FFA and VLDL levels were grossly different between the 2 groups, although these levels were not directly measured.
Indeed, there is evidence in the literature indicating that hyperglycemia can affect PAI-1. Thus, Maiello et al 23 have shown that high glucose decreases fibrinolytic capacity in endothelial cells, and our group has shown that PAI-1 expression and release increase in human vascular smooth muscle cells when excess glucose is added to the culture medium. 13 Furthermore, it has been shown that hyperglycemia stimulates activation of the PAI-1 gene promoter in vascular smooth muscle cells. 24 In vivo, in the rat, we have shown that acute hyperglycemia can induce increased plasma PAI-1 activity, 25 and in an animal model of diabetes, we have found that diabetes, in the absence of significant changes in plasma insulin, induces decreased plasma fibrinolytic activity and increased plasma PAI-1 activity. 14 Furthermore, in the same study, 14 we found that diabetes was associated with increased PAI-1 localization in the liver, in epididymal adipose tissue, and, most important, in the aortic wall of the study animals. As to the in vivo evidence in humans, in 2 large epidemiological studies, plasma PAI-1 levels in type II diabetic subjects increased even when corrections for insulin levels were applied. 5, 15 Moreover, a positive linear correlation has been demonstrated between hemoglobin A 1c levels and PAI-1 activity in type II diabetic patients, 26 and in diabetic patients, improving blood glucose control by diet, by oral hypoglycemic drugs, or by insulin brings about a decrease in plasma PAI-1 activity. 27 Thus, because the subjects in the 2 groups in the present study were matched for severity of CVD, for smoking habits, for pharmacological treatment, and for fasting insulin, triglyceride, and fibrinogen plasma levels, we believe that the impressive differences that we found in PAI-1 localization in the arterial wall should be, at least in part, attributed to chronic hyperglycemia in the diabetic subjects.
It should be emphasized that increased PAI-1 presence in the arterial wall could be of utmost importance for the development of CVD. Not only could decreased local fibrinolysis due to high PAI-1 lead to increased fibrin deposition and subsequent formation of a thrombus (at least in theory), 28 but high PAI-1 levels might predispose the atherosclerotic lesions toward formation of more unstable and thus more dangerous plaques. 16 Therefore, the presence of increased PAI-1 levels in the arterial wall might be an important factor contributing to the increased cardiovascular risk in diabetic patients. One could object on the grounds that the nondiabetic group, with a similar degree of CVD, exhibited less PAI-1 arterial wall content and, therefore, that the increased arterial wall PAI-1 content might have little to do with CVD. However, despite the fact that comparing diabetic subjects with CVD with nondiabetic subjects with CVD controls for the effect of vascular disease, per se, on PAI-1 arterial wall content, increased PAI-1 is only 1 of the main mechanisms that might be involved in the pathogenesis of CVD. Our data suggest that alterations of the fibrinolytic system might play a greater role in plaque development in diabetic subjects than in nondiabetic subjects.
In conclusion, the present study shows that in subjects with type II diabetes, not only is plasma fibrinolytic activity impaired, but PAI-1 localization is markedly increased at the level of the arterial wall. Because increased PAI-1 in the arterial wall predisposes an individual to cardiovascular events, our results, together with the previous observation of increased PAI-1 content in the atherosclerotic plaque in diabetic patients, 17 strongly suggest that increased PAI-1 synthesis and gene expression are an important factor for increased cardiovascular risk in diabetes. Furthermore, because in the present study the main difference between diabetic and nondiabetic subjects was blood glucose levels, it is tempting to speculate that optimal blood glucose control might reduce this disproportionate elevation in PAI-1 and thus help to reduce cardiovascular risk in diabetes.
